Our previous studies showed that kisspeptin-10 (Kp-10) injected in vivo can markedly increase lipid anabolism in liver of quails. In order to investigate the direct effect of Kp-10 on lipid metabolism of hepatocytes in birds, cells were separated from embryos livers and cultured in vitro with 0, 100 and 1,000 nM Kp-10, respectively. The results showed that after 24 h treatment, cells viability was not affected by 100 nM Kp-10, but showed a mild decrease with 1,000 nM Kp-10 compared to the control cells. Based on the results of the cell viability, 100 nM dosage of Kp-10 was selected for the further study and analysis. Compared with control cells, total cholesterol (Tch) contents in 100 nM treated cells were increased by 51.23%, but did not reach statistical significance, while the level of triglyceride (TG), high density of lipoprotein-cholesterol (HDL-C) and low density of lipoprotein-cholesterol (LDL-C) were significantly increased. Real-time PCR results showed that ApoVLDL-II mRNA expression had a tendency to increase, genes including sterol regulatory element-binding protein-1 (SREBP-1), acetyl coenzyme A carboxylase  (ACC), carnitine palmitoyltransferase 1 (CPT1), 3-hydroxyl-3-methylglutaryl-coenzyme A reductases (HMGCR) and stearyl coenzyme A dehydrogenase-1 (SCD1) mRNA in hepatocytes were significantly down-regulated by 100 nM Kp-10. However, contrary to its gene expression, SREBP-1 protein expression was significantly up-regulated by 100 nM Kp-10. Some of the significant correlations in mRNA expression were found between genes encoding hepatic factors or enzymes involved in lipid metabolism in liver of birds. These results indicate that Kp-10 stimulates lipid synthesis directly in primary cultured hepatocytes of chickens.
INTRODUCTION
Kisspeptin-10, -14, and -13 are the split products of kisspeptin-54 encoded by kiss-1 gene, which are the endogenous ligands of G protein-coupled receptor-54 (GPR54) (Kotani et al., 2001) . With a motif of argininephenylalanine-NH2 (RF-NH2) at the carboxyl terminus, each peptide can activate GPR54 with equal biopotency (Kotani et al., 2001; Oakley et al., 2009) . Both the amino acids sequence and the function of kisspeptin-10 (Kp-10) are highly conserved among different species, including human, rodents and fish (van Aerle et al., 2008) . In recent years, the effects of kisspeptins on reproductive function have been provoking an increasing interest. Kisspeptin/ GPR54 signal system has been documented as a pivotal signal pathway to regulate gonadotrophin-releasing hormone (GnRH) secreting from the hypothalamus and then to control the onset of puberty (Seminara et al., 2003) .
Mutations in either the kiss-1 gene or the gene for its cognate receptor render the animal unable to reach puberty (de Roux, 2003; Funes, 2003; d'Anglemont de Tassigny et al., 2007) . In contrast, injection of kisspeptin causes the sexual precocity, and kisspeptins are likely the most potent elicitors of GnRH/gonadotropin secretion known so far (Roa et al., 2009) .
As in mammals, the avian reproduction is controlled by the axis of hypothalamus-pituitary gonad (HPG) and the secretion of GnRH from the hypothalamus is the key event to initiate the reproduction (Wingfield, 2005) . Kisspeptin under low doses was sufficient to significantly increase plasma LH levels in the drake and the white-crowned sparrows by central administration (Saldanha et al., 2010; Charlier et al., 2011) . Our previous studies also showed that Kp-10 stimulated progesterone secretion in cultured hens' granulosa cells (Xiao et al., 2010) . These observations suggest the function of kisspeptins in regulating reproduction in vertebrates is highly conserved. Moreover, chronic repeated injections of Kp-10 in vivo during juvenile can greatly promote the tempo of egg production in quail, which paralleled a marked increase in serum estrogen (E 2 ) and lipid synthesis in liver (data not published). Unfortunately, till now, the mechanism underlying the increase of lipid synthesis in liver by Kp-10 is still a mystery.
In birds, each egg yolk contains extensive lipids (Moran, 2007) , which includes about four gram of triglyceride (TG) (Bujo et al., 1997) . Egg production is an energy-intensive process, requiring a large increase in lipid synthesis to support the demands of new yolk formation. Birds have the ability to store large quantities of excess energy (in the form of TG) in liver and in yolk of developing oocytes (Hermier, 1997) . It is well known that liver is the primary site of lipogenesis in birds (Hermier, 1997) , and it is generally accepted that hepatic lipogenesis and the export of lipids are crucial steps linked to oocyte growth and maturation (i.e., yolk formation). It has been well documented that estrogen stimulates hepatic lipid synthesis in birds (Lee et al., 2010) . Thus, it's speculated that the effects of Kp-10 on stimulating lipid synthesis in liver of quails might be mediated by the increase of circulating estrogen and/or be the direct regulation in liver. The aim of the present study was to investigate a direct effect of Kp-10 on stimulating lipid synthesis in hepatocytes of chickens cultured in vitro.
MATERIAL AND METHODS

Materials
Kisspeptin-10 (Cat. No. 2570) was purchased from Tocris Bioscience, USA. Medium 199 (M199) and penicillin-streptomycin were products of Gibco Company (Invitrogen Corporation, Shanghai, China). Fetal bovine serum (FBS), ITS (5 U/ml insulin, 5 g/ml transferrin, 5 ng/ml sodium selenite), dimethylsulfoxide (DMSO), Percoll and collagenase-II were bought from Sigma Chemical. 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium bromide (MTT) was purchased from Nanjing Shengxing Biotech (Nanjing, China). The contents of TG, Tch, HDLC and LDLC were measured by the commercial kits purchased from Beijing Applygen Company (Beijing, China).
Primary culture of chicken hepatocytes
Chicken embryonic hepatocytes were isolated and cultured following the method previously reported by Smedsrod (Smedsrod and Pertoft, 1985) . In brief, hepatocytes were prepared from freshly dissected liver tissue of 13-d-old Hailan chick embryo. Liver was collected and washed with phosphate buffered saline (PBS) containing penicillin-streptomycin buffer for three times. During this process, gallbladder, sarcolemma and connective tissue were carefully removed. After that, liver was spliced into pieces (about 1 mm 3 ). Collagenase-II was added to 1 mg/ml concentration and incubated in solution for digestion at 37C for 20 min, and then cell suspensions were collected. Density gradient centrifugation was used to separate the hepatocytes from other cells, which was conducted in a layer with 60% Percoll (Sigma, St. Louis, MO, USA). The cell suspension was layered on the Percoll layer and centrifuged for 8 min at 5,000 g. Hepatocytes were harvested from the 60% Percoll/PBS interface, washed three times with PBS, and re-suspended in M199 medium. The cells were counted and the viability was ascertained by trypan blue exclusion method. After two times washing, cells were incubated in a humidified incubator (Thermo incubator, Forma, USA) at 37C with 5% CO 2 for 24 h. The cells were then transferred to serum-free medium 199 supplemented with 1% (v/v) insulin-transferrin-Se (ITS) solution and penicillin-streptomycin for 24 h. Cells were treated with Kp-10 or with PBS buffer as control for 24 h. The experiment was undertaken following the guidelines of Nanjing Agricultural University (Nanjing, China) Animal Ethics Committee.
Cell viability assay
Cell viability was measured by quantitative colorimetric assay with MTT method. MTT was dissolved in PBS at 5 mg/ml. Briefly, 20 l of MTT solution was added into each well, incubated at 37C for 3 h. After incubation, the medium with MTT was discarded, and 160 l of DMSO were added to dissolve the formed crystals and absorbance was measured at 450 nm with a microplate reader (Synergy, BioTek, USA). The cell viability was directly calculated by absorbance value.
Gene expression analysis
Total RNA was extracted from collected cells using TRIZOL reagent (Invitrogen Corporation, Shanghai, USA). The RNA concentration and quality was then quantified by measuring the absorbance at 260 nm by a photometer (Eppendorf, Germany). Ratios of absorption (260/280 nm) of all samples were between 1.8 and 2.0. Aliquots of RNA samples were subjected to electrophoresis with 1.4% agarose-formaldehyde gels stained with ethidium bromide to verify the integrity. Total RNA (2 g) were used for reverse transcription in a final volume of 25 l containing 1RT-buffer, 100 U Moloney Murine Leukemia Virus reverse transcriptase (M-MLV) (Promega, USA), 8 U RNase inhibitor (Promega, USA), 5.3 M random hexamer primers and 0.8 mM dNTP (TaKaRa, Japan), incubated at 37C for 1 h. RT reaction was terminated by heating at 95C for 5 min and quickly cooling on ice.
Real-time PCR was performed in Mx3500P (Stratagene, USA). Mock RT and no template controls (NTC) were set to monitor the possible contamination of genomic DNA both at RT and PCR. The standard curves for each target gene, and melting curves were performed to insure a single specific PCR product for each gene. The volume of 25 l for PCR contains 2 l of 16-fold dilution of RT product, 12.5 l SYBR Green Real-time PCR Master Mix (TOYOBO Ltd., Japan) and 0.6 to 1.0 M of each forward and reverse primers for target genes and internal standard gene (the information of primers was shown in Table 1 ). Chicken -actin mRNA was used as a reference gene for normalization purpose. After initial denaturation at 95C for 1 min, the following PCR process was a three-step amplification program (20 s at 95C, 20 to 30 s at 60 to 64C, 20 s at 72C) repeated 45 times. The PCR products for each gene were sent to Haojia Biotech, Ltd., for sequencing to verify the specificity. The reported sequences exactly accorded with those published in GenBank. The method of 2
-Ct was used to analyze the real-time RT-PCR data. All samples were included in the same run of RT-PCR and repeated in triplicates.
Western blot analysis
After treatment, the cells were harvested and rinsed with PBS and then lysed with 100 l RIPA buffer, and kept antigraded and standed alternately for 30 min. RIPA buffer contained 50 mM Tris base (pH 7.4), 150 mM NaCl, 1 mM EDTA, 1% (v/v) NP-40, 0.25% (w/v) Na-deoxycholate, 1 mM NaF, and 1% (v/v) Halt protease inhibitor cocktail (Pierce Chemical Co., Rockford, USA). Cell lysates were centrifuged at 12,000 g for 10 min and the supernatant was removed. The pellet was dissolved in lysed buffer and the protein concentration was determined by bicinchoninic acid (BCA) method with Protein Assay Kit (Pierce Chemical Corp., Rockford, USA). After denaturation at 100C for 5 min, 40 g protein samples were loaded into a 12% polyacrylamide gel, and then transferred onto a polyvinylidene difluoride membrane (Millipore Corp., 
Statistical analysis
The results were expressed as meanSEM and differences were considered significant when p<0.05 tested by ANOVA with SPSS 11.0 for windows (StatSoft, Inc. USA). Numbers used for statistics were noted in the figures and tables.
RESULTS
Cell viability
Cell viability was determined by MTT method. As shown in Figure 1A , cell viability was significantly increased on time-dependent from 24 to 72 h cultured in vitro (p<0.01). Figure 1B showed that, compared with the control cells, 1,000 nM Kp-10 tended to decrease cell viability, while 100 nM Kp-10 did not affect cell viability (p>0.05). Table 2 showed that compared to the control cells, Tch content in 100 nM treated hepatocytes was increased by 51.23%, but did not reach the statistical significance (p>0.05), while the level of TG, HDL-C and LDL-C was significantly increased (p<0.05 and p<0.01, respectively).
Lipid metabolic parameters
Hepatic genes expression
As shown in Figure 2 , genes expression of SREBP-1, ACCα, SCD1, CPT1 and HMGCR in 100 nM Kp-10 treated cells were significantly down-regulated (p<0.05), FAS and ApoA1 genes expression tended to decrease (p = 0.08 and 0.07, respectively), while ApoVLDL-II mRNA transcription tended to increase (p = 0.07) compared with the control cells. There were no significant difference in SREBP-2, ME, ICDH, ApoB and FABP2 mRNA expression between Kp-10 treated and control cells (p>0.05).
Correlations analysis among genes expression
As shown in Table 3 , some significant correlations were observed between gene encoding hepatic factors or enzymes linked with lipid metabolic process. Genes expression between SREBP-1 and FAS (r = 0.628, p = 0.032), between SREBP-1 and SCD1 (r = 0.837, p = 0.001), between ME and SCD1 (r = -0.643, p = 0.024), between FAS and SCD1 (r = 0.765, p = 0.004), as well as between ACC and SCD1 (r = 0.662, p = 0.019) were significantly correlated (p<0.05). There was a mild correlation between Positive correlation also existed between HMGCR and TG metabolism genes expressed in hepatocytes including SREBP-1, FAS, SCD1 and ME (p<0.05). However, no significant correlations were observed between gene expressions involved in lipid transporting (p>0.05).
Hepatic SREBP-1 protein content As shown in Figure 3 , hepatic SREBP-1 protein content was determined by western blot. In contrast to the abundance of mRNA expression, hepatic SREBP-1 protein content was significantly increased by 100 nM Kp-10 treatment (p<0.05).
DISCUSSION
There have been numerous publications on the biological effects of kisspeptins on reproduction. However, the data about the effects of kisspeptins on lipid metabolism is really scarce. We reported herein the first time that Kp-10 can directly stimulate lipid synthesis in chicken hepatocytes cultured in vitro, which was associated with significant changes of genes and protein expression involved in lipogenesis.
The previous studies showed that Kp-10 i.p. repeated injections significantly promoted the tempo of egg laying in Japanese quail, which paralleled a significant increase of TG and Tch content in liver as well as in blood (data not published). In rodents, the expression of kiss-I gene might relate to the increase of body weight and change with the high fat diets (Moral et al., 2011; Quennell et al., 2011) . Kisspeptin might directly reduce the hepatic lipid peroxidation, preventing the negative effect of lipid peroxidation on intracellular regulatory mechanisms managing the release of hypothalamic hormones leading to defective neurotransmission (Aydin et al., 2010) . However, these observations suggested that there is a relationship between kisspeptin and lipid metabolism.
In birds, liver is the main site for lipogenesis (Hermier, 1997) . The biological process of lipogenesis is regulated by sterol regulate element binding proteins (SREBPs) transcription factors family. Till now, three kinds of SREBPs were identified including SREBP-1a, SREBP-1c and SREBP-2. SREBP-1 gene is highly expressed in liver, and directly regulates the expression of enzymes involved in the lipogenesis process, such as FAS, ACC, SCD1 and ME (Gondret et al., 2001; Kersten, 2001; Shimano and Yahagi, 1999) . SREBP-2 mainly regulates enzymes involved in the cholesterol metabolism, such as HMGCR. In the present study, TG, HDLC as well as LDLC contents in hepatocytes were markedly increased by Kp-10 treatment, whereas the gene expression of the key factor SREBP-1 and enzymes, such as ACC, FAS and SCD1 involved in lipogenic process, their mRNA expression were greatly decreased by Kp-10. On the contrary, the content of SREBP-1 protein in hepatocytes was significantly increased by 100 nM Kp-10, which indicates the post-transcriptional regulation. In a good agreement with the present results, it is reported that enzyme involved in the lipid synthesis process were mainly experienced post-transcription regulation, especially in SREBP-1 transgenic mice (Shimomura et al., 1998) .
Correlation analysis showed that significant positive correlations were observed among genes expression involved in lipid metabolism. SREBP-1 mRNA expression was general correlated with other genes involved in lipid metabolism. Moreover, there were obvious correlations among genes expression involved in cholesterol and triglyceride metabolism. Our results were consistent with previous report about the correlations among lipogenic genes expression in liver of chicken (Richards et al., 2003) , suggesting that Kp-10 regulated the relevant genes expression involved in lipid metabolism, but did not change the endogenous correlation in genes expression pattern. We reported the direct effect of Kp-10 on stimulating hepatic lipid metabolism in vitro cultured hepatocytes of chicken. However, because the specific receptor for kisspeptins has not been identified in avian species, the signal pathway of Kp-10 to regulate lipid metabolism in hepatocytes is still unknown. Studies conducted in mammals showed the classical pathway of kisspeptin, when kisspeptin binding to GPR54, the phospholipase C can be activated to produce phosphatidylinositol 4,5-bisphosphate (PIP2), inositol triphosphate (IP3) and diacylglycerol (DAG) and to transmit the signal in cell (Kirby et al., 2010) . The mechanism underlying the effects of Kp-10 on lipid synthesis in hepatocytes of chicken still awaits further study.
